This work examines the association between hypertension and hypothyroidism in geriatric patients seen at a primary care medical office. One hundred and twentytwo geriatric patients with elevated thyroid stimulating hormone (TSH) levels were selected for the study. An equal number of euthyroid geriatric individuals were selected from the same clinic for comparison. We found no differences in mean diastolic blood pressure (DBP) in the euthyroid and hypothyroid groups (80.1 mm Hg vs 78.9 mm Hg, P = 0.25). Additionally, there was no significant association between having hypertension
Introduction
Thyroid hormone is known to increase cardiac output and decrease systemic vascular resistance. 1 Depending on how these competing factors balance, an abnormal amount of thyroid hormone could cause an increase or decrease in mean blood pressure. Several researchers have reported finding an association between hypothyroidism and hypertension, but these reports are largely based on referred middle-aged subjects. [2] [3] [4] [5] [6] [7] While hypothyroidism is identified as a cause of diastolic hypertension in many medical textbooks [8] [9] [10] [11] and in review articles 1, 12 research based on non-referred subjects is contradictory about the association. [13] [14] [15] Hypothyroidism and diastolic hypertension are both common and have prevalences which increase with age. In the community setting overt hypothyroidism occurs in 1.5% to 2% of women and 0.2% of men. 16 The probability of developing hypothyroidism also increase with age reaching 14 cases/1000 women per year between the ages of 75 and 85 years. 17 Additionally, the prevalence of subclinical hypothyroidism is significantly higher than that of overt disease.
Similarly, the risk of hypertension increases with age. While 24% of the adult US population has Correspondence: George R Bergus, Department of Family Medicine, The University of Iowa, Iowa City, IA 52245, USA Received 30 June 1998; revised 21 September 1998; accepted 11 November 1998 (defined as having an elevated DBP or receiving treatment for hypertension at the time of the index visit) and level of TSH (P = 0.33). Logistic regression did show that race, gender, body mass index and renal function were significantly associated with the presence of hypertension. Lastly, there was not a significant association between level of TSH and DBP as determined by regression (P = 0.97). In conclusion, in this population of geriatric patients we did not find hypertension to be associated with the presence of hypothyroidism.
hypertension, the prevalence rises above 50% for adults over the age of 65 years. 18 Because hypertension and hypothyroidism are both common in the elderly, we would expect to find these conditions frequently coexisting even if they are not directly associated. Alternatively, because of the substantial prevalence of hypothyroidism in geriatric patients an association would be clinically important.
The purpose of our project was to examine the association between hypertension and hypothyroidism in geriatric patients seen in a primary care office setting. This group was selected because of the high prevalence of both diseases in a non-referred population. We hypothesised that if hypertension and hypothyroidism were related in this population, then we should find a higher prevalence of hypertension in patients with hypothyroidism than we would in similarly aged euthyroid controls. Additionally, if these two conditions were related we anticipated that we would find a positive relationship between diastolic blood pressures (DBP) and the levels of thyroid stimulating hormone (TSH) in these patients. Unlike the previous negative studies we desired to study a population that included both genders.
Patients and methods
All patient charts from the Geriatric Continuity Clinic (GCC) at the University of Oklahoma, USA, were eligible for this study. This community-based practice was established to provide primary care to geriatric patients. All new patients enrolled in the GCC undergo a complete history and physical examination along with a screening lab panel which includes a TSH level on their first clinic visit. Additionally, patients undergo a similar exam and laboratory evaluation (including TSH) every 1-3 years. The clinic has a computer-based medical records system allowing subgroups of patients to be identified and their charts accessed.
Study subjects were selected on the basis of the presence of hypothyroidism defined as a single elevated serum TSH level (Ͼ5 mU/L). Euthyroid patients were selected from the same clinic by picking the third chart to the left of every case. If this chart was that of a patient with an elevated TSH or on thyroid replacement therapy then the euthyroid control was selected from the third chart to the left of the ineligible patient. The index visit for closest in time prior to or on the same date as the abnormal TSH level (almost always the same date and always within 3 months). The index visit for controls was the initial clinic visit.
Data extracted from the charts included date of birth, date of index visit, use of antihypertensive medications, use of thyroid replacement medications, thyroid function tests, sitting DBP, and sitting systolic blood pressure (SBP). Information about other factors thought to be related to hypertension, including body mass index (BMI), 19 NSAID use, 20 and diabetes mellitus, 21 were also extracted from the charts. Due to the comprehensiveness of data collection in the clinic, almost all data on each individual used for this study were collected during a single visit.
The data were analysed in a univariate fashion by Chi-square when the variables were dichotomous and by t-test or regression when the data were continuous. Statistical analyses were performed using NCCS97 (NCSS, Kaysville, UT, USA) statistical software. The level of significance was set at 0.05.
Logistic regression with hypertension as the dependent variable was used to determine the association between hypertension and hypothyroidism in this cross-sectional study. 22 Patients were classified as having hypertension if they had elevated DBP as defined by DBP greater than 90 mm Hg at the index visit, or if they were on active treatment for hypertension at the time of the visit. Independent variables placed into the model included BMI, serum blood urea nitrogen (BUN), diabetes, age, gender, race and TSH. Variables were then removed from the model if not significant at the 0.05 level except for TSH which was forced to remain.
Linear regression was used to measure the association between DBP and TSH levels. Further multivariate regression between these two factors were carried out with BMI, age and BUN included as independent variables.
Results
One hundred and twenty-two geriatric patients with elevated levels of TSH (Ͼ5 mU/L) were identified in the Geriatrics Continuity Clinic (GCC). An additional 122 patients with TSH within the normal range and not on thyroid replacement therapy were selected as euthyroid controls from the same clinic. The mean age of the hypothyroid cases was not significantly different than that of the euthyroid controls (78.1 years vs 77.0 years, P = 0.25).
The two groups were similar in terms of gender, race, use of NSAIDS, BMI, BUN and presence of diabetes mellitus (P Ͼ 0.05). A similar proportion of the two groups were found to be obese (P = 0.32). Fewer of the hypothyroid patients had a prior diagnosis of hypertension although this difference did not reach statistical significance (41% vs 49.2%, P = 0.25). The mean systolic and diastolic blood pressures were also similar in the two groups (P = 0.25 and 0.44, respectively). Details of these comparisons are shown in Tables 1 and 2 .
We performed further analyses on the 71 hypothyroid and 62 euthyroid patients not on any antihypertensive therapy at their index visits. These two groups were also similar in age (78.0 years vs 77.1 years, P = 0.47), and BMI (25.2 kg/m 2 vs 24.1 kg/m 2 , P = 0.23). A greater percentage of the hypothyroid cohort in this subgroup were obese compared to the euthyroid controls not on antihypertensive medication (18.3% vs 10.2%) although the difference did not reach statistical significance (P = 0.19). Lastly, there were no differences in the mean SBP (P = 0.23) or DBP (P = 0.64) of these subgroups of patients.
Linear regression was used to further examine the association between DBP and TSH level. No significant association between TSH and DBP was found when all hypothyroid and euthyroid patients were included in the regression (P = 0.87). Because it was possible that an association was present in only specific subgroups of patients, further analyses were performed. No relationship between TSH and diastolic BP was found when only the 122 cases of hypothyroidism were included in the regression (P = 0.94), or after limiting the regression to only individuals with TSH above 15 mU/L (P = 0.92). Lastly, no significant association was detected when only the 133 individuals not on medication for hypertension were included in the regression (P = 0.16, Figure 1 ).
Multivariate regression was used for further analysis with potential confounding factors in the regression between DBP and TSH. No significant association was found between TSH and DBP after including BMI, age, and BUN in the model whether both hypothyroid and euthyroid individuals were included in the analysis (P = 0.91), just hypothyroid individuals (P = 0.57) or only hypothyroid cases not on antihypertensive medications (P = 0.57). Further analysis was performed with only individuals with more extreme hypothyroidism (TSH Ͼ15 mU/L) and again no association between DBP and TSH was detected (P = 0.41).
Lastly, we classified all the patients by whether or not they were hypertensive (defined as being on hypertensive therapy or having a DBP of 90 mm Hg or higher) resulting in 122 patients in each group. Hypertensive patients were more likely to have diabetes mellitus (17.2% vs 8.2%, P = 0.03), to be obese (68.8% vs 31.3%, P = 0.002), to be male (53.0% vs 47.0%, P = 0.05), and to be non-Caucasian (25.4% vs 13.1%, P = 0.01) than the normotensive controls. Additionally, while the mean ages of the two groups were similar (77.1 years vs 77.8 years, P = 0.50) the hypertensive patients had a higher mean BUN (19.3 mg/dL vs 16.5 mg/dL, P = 0.008) and mean BMI (27.0 kg/m 2 vs 24.5 kg/m 2 , P Ͻ 0.001). These two groups of patients had similar mean levels of TSH (7.3 mU/L vs 8.4 mU/L, P = 0.58). Logistic regression was used to further investigate the association between the presence of hypertension (defined as having DBP greater than 90 mm Hg or being on treatment for hypertension) and TSH while adjusting for age, BMI, race, gender and other medical conditions. BMI and BUN had a positive association with hypertension (P = 0.006 and 0.001, respectively). Men were significantly more likely to have hypertension than were women in this population (P = 0.02) and non-Caucasians were significantly more likely to be hypertensive than were Caucasians (P = 0.04). However, this analysis did not find TSH level to be significantly associated with the hypertension status of patients (P = 0.37). The results of this analysis with Odds Ratios are shown in Table 3 .
Discussion
Diastolic hypertension was common in patients at the Geriatrics Continuity Clinic but our study did not detect an association between hypertension and hypothyroidism. Hypertension was associated with gender, race and BMI. We also were unable to demonstrate an association between DBP and TSH. Our findings are in concordance with previous work studying non-referred individuals 13, 14 but contrast with reports from specialty clinics. [2] [3] [4] [5] [6] In our earlier cross-sectional study of post-menopausal women at a primary care office no association between hypothyroidism and hypertension was detected.
14 The second negative study was community-based and compared 81 hypothyroid women to 73 euthyroid women drawn from the surrounding community. 13 No significant differences between cases and controls in the mean blood pressures or in the prevalence of hypertension were detected after stratifying the subjects by age.
Most of the studies linking hypertension with hypothyroidism are from specialty medical clinics and predominately are based on non-geriatric patients. Streeten reported a case series of 25 patients, with a mean age of 49.8 years, referred to a specialty clinic for evaluation and treatment of hypertension who were found to be hypothyroid. 3 Following thyroid replacement therapy, 32% of the patients with hypothyroidism became normotensive. He reported that the responders tended to be younger than non-responders. Streeten also reported a series of 40 patients, ages 30 to 65 years, who Table 3 Logistic modelling of the associations between hypertension and clinical and demographic factors. Variables dropped from the model using backwards deletion using an alpha of 0.05. TSH was forced to remain within the regression model became hypothyroid following treatment with radioiodine. 3 Sixteen (40%) of these patients also developed hypertension but after receiving thyroid replacement nine of the 16 (56%) returned to a normotensive condition. These studies lacked control groups and it is possible that some of the individuals were demonstrating a placebo effect. 23 Brown et al 24 undertook an investigation of the effect of thyroid hormone withdrawal in hypothyroid patients, and reported a significant fall in systolic but no change in diastolic blood pressures. A study by Saito reported a significant association between hypertension and hypothyroidism in a population of 477 patients with chronic thyroiditis at a hospital-based thyroid clinic. 4 Approximately, 15% of the subjects were aged 60 years or older. This cross-sectional study is methodologically stronger but the observed association could be partially due to selection bias. 25 Referral patterns influence the characteristics of patients with hypertension and studies undertaken in specialty clinics do not necessarily generalise to hypertensive patients seen in a community setting. 26, 27 One community-based study has reported higher mean systolic and diastolic blood pressures in women with elevated TSH. 28 However, the analysis was not stratified by age and the women with elevated TSH were significantly older than their euthyroid controls. This same study found no difference in the mean systolic and diastolic blood pressures of hypothyroid and euthyroid men, although unlike the women, these two groups of men were of similar ages. A second community-based study that stratified the analysis by patient age found no association between blood pressure and the degree of hypothyroidism. 13 While our results are in concordance with two studies using non-referred populations 13, 14 there are considerations about our study design that should be addressed. One concern is that our data were not expressly collected for this study but were collected for a general research data base. However, the data collection was systematic and comprehensive, and we were able to access a uniform data set on all patients. A second concern is that our study site was a primary care research centre raising concerns of selection bias. The site, a geriatric clinic, was designed as a means to collect data on a non-referred population and, therefore, was designed to provide comprehensive primary health care to a community dwelling cohort.
It remains possible that hypertension and hypothyroidism are associated and that we failed to detect the relationship. However, with a sample size of 122 cases and 122 controls we had a power greater than 90% to detect the Odds Ratio of 2.97 reported by Saito et al. 4 Possibly, these two conditions are only weakly associated so that an elevation in DBP is only clinically evident when individuals are markedly hypothyroid. In our data set, the mean TSH of the cases was 13.8 mU/L and only 17 of the 122 patients had a TSH above 15 mU/L. While the subjects in Saito's study, which reported an association, had a mean TSH of 105.8 mU/L 4 the study by Endo et al 13 reported that the severe hypothyroid cases (mean TSH 163.6 mU/L) had significantly lower systolic and diastolic blood pressures than did the age-matched euthyroid controls. It also remains possible that hypothyroidism and hypertension are associated in younger patients. Because our data were collected from geriatric patients our study cannot exclude an association in a younger population. Another possibility is that hypothyroidism and hypertension are associated only in patients who have just become hypothyroid (ie, incident cases). While we do not know the duration of thyroid hormone abnormality in our population it is possible that the deficiency was long standing. Our data cannot be used to assess this possibility. The impact of the duration of deficiency may be quite complex because Brown et al 24 did not find an association between thyroid hormone deficiency and blood pressure when they withdrew thyroid replacement therapy from patients with chronic hypothyroidism.
In summary, we investigated the association of hypertension and hypothyroidism using a community dwelling geriatric cohort receiving their health care in a primary-care office setting. While hypertension was found to be common in patients with hypothyroidism, hypertension was equally common in the euthyroid controls. Our study did not find evidence that hypertension and hypothyroidism were directly associated.
